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It was observed that after subcutaneous tissue shaving 
for the radical therapy of hircismus and hyperhidrosis 
axillary hair often regrew. Histologic study of this phe-
nomenon showed that hair bulb and most of the follicle 
up to a level near the sebaceous duct opening had been 
removed. Hair regrows from remnant outer root sheath, 
but only when sebaceous glands are preserved, that is 
when the upper portion of the follicular isthmus is intact. 
One or several solid epithelial pegs grow downward 
from the cut end of the trichilemma, and inner root 
sheath and new young hair are formed in its center. In 
hair peg stage, the lower tip of the hair follicle descends 
while new hair is growing in its center through the 
mitotic activity of hair germ cells and is prevented from 
pushing toward the skin surface by interlocking fusion 
between hair cuticula and sheath cuticula. Eventually, 
the epithelial cells wrap around a mass of mesenchymal 
cells and form a new bulb from which the terminal hair 
grows upward. The new matrix acquires a new comple-
ment of functioning melanocytes. 
When using a subcutaneous tissue shaver for the treatment 
of hircismus (axillary odor) and hyperhidrosis, we found that 
axillary hair regrows in many cases in spite of removal of the 
hair bulb and follicle up to medium split thickness level from 
the undersurface of the skin [1,2]. At fIrst we thought that hair 
grew from hair bulbs in telogen stage which are situated more 
superfIcially in the dermis and might have been left behind. 
However, after observing a large number of patients we had to 
assume that some other mechanism was responsible. Regrowth 
of hair seemed to depend on whether the sebaceous glands 
(observed with the naked eye on the lower surface of the 
everted skin) are left intact or removed [3]. We therefore 
resorted to histologic examination of biopsy specimens in order 
to explain the clinical facts. 
MATERIALS AND METHODS 
Method of Tissue Removal 
In our procedure, the subcutaneous tissue and deep corium are 
removed by means of a tissue shaver which we have developed [1]. The 
shaver has 2 jaws. One of these contains 2 rollers and is guided with 
pressure along the skin surface. The other jaw is pushed into the 
subcutaneous tissue through a small incision. It carries a sharp blade, 
which rem01Ves fat tissue and deep dermis and the adnexal structures 
contained in them (Fig 1). 
As reported earlier, the depth of shaving can be changed by changing 
the positional relationship between the shaving blade and the pressure 
roller. With rough shaving and medium shaving the hair roots can be 
completely removed together with the connective tissue beneath the 
sebaceous glands, which are exposed. 
In male patients we just performed the rough and medium shaving 
in order to preserve the sebaceous glands as far as possible. On the 
other hand, we performed more complete shaving on the group of 
female patients by using the shaver so the blade is in a slightly more 
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upright angle to the pressure roller. Thus it was possible to remove the 
sebaceous glands (Fig 2). 
Six to 12 months after subcutaneous tissue shaving, biopsy specimens 
were obtained when the axillary area was re-operated on for scar 




FIG 1. The "tissue shaver" (A) shown separated and in position on 
the skin. The outer jaw contains 2 notched rollers (E), the other jaw 
(C) is introduced under the skin through a small incision; it has a sharp 
blade for cutting layers off the undersurface of the dermis. The depth 
of the subcutaneous removal can be varied by changing the angle of 
the blade edge in relation to the rollers. (Reproduced from Plastic and 
Reconstructive Surgery 59:864-866, 1977.) 
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FIG 2. Varying the angle of the blade in relation to the rollers leaves 
behind varying thicknesses of superficial skin. (Reproduced from Plas· 
tic and Reconstructive Surgery 50:864-866, 1977.) 
Histological Techniques 
For stereohistomorphologic interpretation of skin appendages we 
prefer serial thick sections prepared by the cellophane tape method [4] 
which we developed. Pressure sensitive cellophane tape is stuck onto 
the surface of the paraffin block. That makes it possible to cut serial 
tissue slices of 200-300 Iilll thickness, which are mounted on glass slides 
covered with egg albumin. After drying the slide is immersed in xylene, 
which removes cellophane tape and paraffin from the tissue specimen. 
H&E staining is then carried out in double dilution. 
The diameter of sebaceous gland was measured by micrometer at 
X 150 magnification. 
RESULTS 
The process of regeneration of axillary hai.r was examined in 
11 patients 6 mo after the operation. 
Relationship of Hair Formation and Sebaceous Gland 
(Table J) 
If shaving is done just beneath the sebaceous gland (that is 
up to medium split thickness level), then a considerable portion 
of the follicular isthmus (the part between the opening of the 
sebaceous duct and the bulge that marks the attachment of the 
arrector muscle) is left i.ntact. Whether the isthmus has been 
removed or left behind can be judged by the absence or presence 
of the sebaceous gland (Fig 3). In 30 pilosebaceous complexes, 
53 sebaceous lobes and 48 hair roots were seen. In 17 complexes 
2 or more sebaceous lobes were found, and 13 of these had more 
than one new hair follicle. Twenty-nine complexes had at least 
1 associated hair root; only 1 complex (case No. 9-3) had none. 
When sebaceous glands had been completely removed, no hair 
follicle formation from outer root sheath was seen. Regenera-
tion of hair follicles is related to the presence of sebaceous gland 
and isthmus. 
State of Hair Follicle 
Examination of specimens removed immediately after shave 
surgery showed that the transient portion of the follicles (Fig 3) 
and the lower part of the isthmus including the bulge area were 
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absent. In a normal hair cycle, as shown in Fig 3, the telogen 
club h air becomes fixed at the level of the bulge, and the 
rudimentary dermal papilla is attached to the lower pole of the 
trichilemmal sac. Removal of the lower half of the isthmus 
guaran~ees t hat the matrix and dermal papilla, not only of 
TABLE I. Axillary hair regeneration in 30 pilosebaceous complexes 
of 11 patients 
A" Bh C'- D" 
(1) 1 26 Hair germ 
2 17 Peg 
3 20 Peg 
26 yr 4 25 Bulb. peg 
6 mo 5 15 Peg 
(2) la 18 Peg 
b 20 Peg 
C 20 Peg 
2a 27 Peg 
b 30 Peg 
3a 20 Bulb. peg 
b 20 Bulb. peg 
21 yr 4 30 Peg 
12 mo 5a 18 Peg 
b 18 Bulb. peg 
(3) 20 Peg 
2a 43 
b 17 Bulb. peg 
3a 30 
20 yr b 15 Bulb. peg 
4 25 Bulb. peg 
7 mo 
(4) la 42 Hair germ 
22 yr b 25 Hair germ 
12 mo c 37 Hair germ 
(5) 1a 30 Peg 
b 23 Bulb. peg 
24 yr c 15 Hair germ 
10 mo 
(6) l a 25 Peg 
b 27 Peg 
c 23 Peg 
20 yr 2a 30 Peg 
8mo b 25 Peg 
(7) la 32 Peg 
b 28 Bulb. peg 
22 yr c 30 Peg 
2a 40 Peg 
10 mo b 30 Peg 
(8) la 25 Peg 
b 30 Peg 
19 yr 2 25 Bulb. peg 
8 mo 3 15 Peg 
(9) 1 20 Bulb. peg 
2 20 Peg 
24 yr 3 35 
6mo 
(10) 1a 32 
b 32 Peg 
2a 35 Peg 
21 yr b 10 Peg 
10 mo c 35 Peg 
(11) 3a 30 Peg 
b 30 Peg 
20 yr 4a 36 
9mo b 33 Peg 
" A, age of patient and time after surgery. 
b B, individual follicles and associated sebaceous glands. 
C C, diameter of sebaceous glands in p.m. 
d D, stage of hair follicle formation. 
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FIG 3. Diagram of hair cycle. Left, anagen; center, catagen; and 
right, telogen. Terminology used by Montagna and Parakkal [20] and 
Pinkus [22] for the different portions of the hair follicle are shown in 
the margins. 
new growing hair follicle 
new growth of young hair 
Sebaceous gland 
mesenchymal tissue 
( Dermal cell ) 
FIG 4. Drawing of a pilosebaceous complex showing early stage of 
hair regeneration from isthmus of follicle between 2 sebaceous glands. 
anagen hairs, but also of telogen hairs, have been removed. 
Examination of specimens obtained 6 mo after surgery showed 
that new young hairs are formed from trichilemma (outer hair 
root sheath) of the isthmus near the level of the sebaceous duct 
opening. Postoperative hair follicle formation is different from 
the ordinary hair cyCle and must be considered as new hair 
growth. It has stages similar to, but not identical with fetal hair 
formation. 
Hair Germ Stage 
Hair follicle can be seen between remnant sebaceous glands 
in the diagrammatic Fig 4 and photomicrograph Fig 5 of case 
L The lower end of the hair follicle is situated at the same level 
as the lower part of sebaceous gland. No hair bulb is formed 
yet. Fig 6 and 7 show the upper part of outer root sheath 
(infundibulum) of the same follicle where keratinization can be 
FIG 5. Photograph of thick tissue section corresponding to the draw-
ing in Fig 4. No hair bulb formed yet. 
FIG 6. Hair germ stage. Keratinization suggesting new young hair ill 
seen in the infundibulum of the follicle shown in Fig 5. (~eproduced 
from British Journal of Dermatology 98:625-630, 1978.) 
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FIG 5 
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FIG 7. Higher magnification of middle and lower portions of Fig 6 
shows formation of new.young hair. (Reproduced from British Journal 
of Dermatology 98:625-630, 1978.) 
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seen in the center of the hair sheath. In this specimen, keratin-
ization and vigorous mitotic activity were seen in the isthmus 
and suggested formation of inner root sheath and young hair, 
the deepest portion of which was not yet keratinized. In 4 cases, 
keratinization was seen in the isthmus without new growth of 
hair. 
Hair Peg Stage 
As shown in Fig 8 and 9 of case 2, two new hair follicles can 
be seen in dermal layer below the sebaceous gland. In the hair 
follicle on the right, the new young hair is already keratinized. 
Hair cuticula which is deeply stained can be seen around hair 
cortex (Fig 10). Filamentous structures can be seen in the lower 
part, and these extend downward to cells resembling columnar 
hair germ cells. Inner hair root sheath appears to be formed 
simultaneously and surrounds the hair. A mass of mesenchymal 
tissue (future dermal papilla) is seen at the lower pole but it is 
not wrapped in hair bulb manner (Fig 11). At fIrst glance, the 
picture is similar to catagen stage becaus'e it suggests the 
keratinized rootlets seen in the hair club in catagen. However, 
there is no hyalinization of inner root sheath as seen in club 
hairs. Melanin granules are not present in the epithelial column, 
and pigmentation of the upper hair cortex is not noted either. 
All these fIndings suggest a quasifetal anagen stage. 
The process of hair pegging is as follows. Hair cuticula is 
formed around newly formed 'hair cortex and interlocks with 
sheath cuticula of the inner root sheath which adheres to the 
surrounding trichilemmal epithelium. This interlocking fusion 
prevents the hair from moving upward. The hair follicle is 
forced to elongate downward by the active mitotic activity of 
hair germ cells in the lower part of the epithelial sac. 
FIG 8. Drawing of a pilosebaceous complex with 2 young hair roots FIG 9. Photograph of thick section of pilosebaceous complex shown 
in hair peg stage. in Fig 8. 
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FIG 10. New hair in center of budding hair follicle shown at right in 
Fig 8 and 9. 
Bulbous Peg Stage 
Hair follicles are seen descending below 2 out of 3 lobes of 
the sebaceous gland in the diagram (Fig 12) and photo (Fig 13). 
As seen at left, the epithelial column has elongated in late hair 
peg stage and inner root sheath has become thick and long. 
When the forming hair reaches a level near the permanent site 
of the dermal papilla, the epithelial cells grow around the mass 
of mesenchymal tissue thereby pressing outer root sheath out-
ward. Consequently, the outer root sheath becomes thin and 
the bottom of it has only 1-2 layers. The hair bulb is formed at 
this stage. The mass of mesenchymal tissue is wrapped by inner 
and outer root sheath and becomes the dermal papilla. When 
the epithelial matrix cells are fully formed on the interface with 
the dermal papilla, melanocytes increase and melanin granules 
are deposited in hair cortex (Fig 14). Eleven hair follicles in this 
bulbous peg stage were recognized. 
Terminal Hair 
Fig 15 and 16 illustrate the fully formed hair bulb with a 
single layer of tall cylindrical matrix cells covering the dermal 
papilla. Dendritic melanocytes have increased in number and 
size and pigmentation is seen in the hair cortex. The hair follicle 
stops descending, and the hair begins to ascend toward the skin 
surface. Hair and inner root sheath grow at the same speed, 
and the terminal hair grows according to the classical rules of 
the hair cycle. 
Relationship of developmental stage of new hair follicle and 
size of sebaceous gland: The width of sebaceous glands was 
measured with the micrometer of the light microscope (x 150). 
Results are shown in Table II. The size of sebaceous gland 
tends to become smaller as the new hair develops. 
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FIG 11. Lower part of follicle shown at right in Fig 8 and 9. Columnar 
epithelial cells capping, but not surrounding a ball of mesenchymal 
cells (future dermal papilla) . 
Sebaceous gland 
<\----- outer root sheath 
inner root sheath 
Melanocyte 
r 
bulbous peg stage TH'---- Dermal papilla 
terminal hair stage 
FIG 12. Drawing of pilosebaceous complex with 2 new hair roots in 
bulbous peg stage. 
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FIG 13. Photograph of thick tissue section of pilosebaceous complex 
shown in Fig 12. 
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Relationship between new hair follicle and passage of tlme 
after removal of tissue: No consistent relation was found be-
tween the stage of hair development and time elapsed after 
surgery. Regrowth seemed to depend more on how much the 
tissue had been damaged by shaving. 
Examination of normal axillary skin obtained from other 
types of operation revealed the ordinary distribution and ar.-
rangement of hair follicles, sebaceous, and apocrine glands as 
described in the textbooks. There never was any budding of 
accessory hair roots from the region of the upper isthmus. Each 
follicle was unbranched and ended in one matrix-papilla com-
plex. 
DISCUSSION 
Initiation of new hair follicles begins in human fetal life by 
the end of the second month and comes to an end in the seventh 
month. There is little evidence of hair neogenesis in postnatal 
life, and it is a general rule that scars in human skin will not 
grow hairs unless living hair roots including epithelial matrix 
and dermal papilla have been preserved in the deeper tissue. 
Conversely, the practice of permanent epilation is based on the 
thesis that destruction of the dermal papilla by surgical, elec-
trical or chemical means prevents regrowth of hair even if the 
upper portions of the hair root are preserved [5]. If we disregard 
benign cutaneous neoplasms, in which rudimentary or more or 
less functional hair roots may be observed, there is very little 
evidence for neogenesis of hairs in human skin, and not much 
in other mammalian skin. 
In man, Kligman and Strauss [6] described what they consid-
ered new formation of vellus hair follicles from the reconstituted 
epidermis of an abraded area of facial skin. Abnormally directed 
accessory hair roots are occasionally observed in scalp biopsy 
material (H. Pinkus, personal communication 1977) and suggest 
that these follicles have sprouted from the upper isthmus area 
of scalp hairs. This area, which corresponds to the level of 
origin of sebaceous glands, has also been implicated as the 
preferred site for the formation of milia and the epithelial collar 
of mantle hairs [7]. Ishibashi and Tsuru recently called atten-
tion to the rich innervation of this region and to the presence 
of a mantle-like epithelial collar surrounding many hair follicles 
just below the branching point of the sebaceous duct [8]. 
In animals, Breedis [9] described the formation of large 
numbers of new hair follicles from the epidermis of healing 
wounds on the back of rabbits. Although his conclusions were 
later contradicted by Straile [10], similar observations have 
more recently been reported in the immobile skin of the rabbit 
ear [11,12]. Lyne [13] favored occurrence of hair neogenesis in 
healing wounds in sheep. The new formation of many new hairs 
in antler skin of deer [14] is not pertinent to our problem 
because in this annual event, a completely new skin is grown. 
There are, however, 2 directly applicable observations. In 
Oliver's studies [5,15] of rat's whiskers, a new dermal papilla 
and hair were formed in normal size in spite of removal of the 
FIG 14. Higher magnification of hair bulb shown at left in Fig 13. 
Egg-shaped dermal papilla surrounded by trichilemma and developing 
matrix. Melanized cells surround upper pole. 
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FIG 15. Photograph of thick section of fully formed terminal hair in 
follicle. 
hair bulb. He concluded that hair can be regrown from outer 
root sheath. He also recognized that the size and length of the 
new hair is related to the volume of hair follicle left behind. 
Hair does not grow if more than one-third of the vibrissa follicle 
is removed. The other observation is that by Lyne [16,17] that 
in certain marsupials, hair cycle in the classical sense is the 
exception. In most cases, when the old hair has completed its 
growth a new hair follicle buds and grows down from the level 
of the sebaceous duct. 
Our histologic studies demonstrated that human axillary hair 
regenerates even when the transient portion and a considerable 
part of the permanent portion of the hair root is removed. 
Clinically, the absence or presence of sebaceous gland predicts 
the state of hair regeneration [3] and histologically, regenera- ' 
tion depends on the presence of at least part of the isthmus. A 
new young hair forms when the new follicular bud is in hair peg 
stage and keratinizes while the peg grows downward until the 
formation of hair bulb and matrix are completed. After comple-
tion of the bulb, the hair reversely grows towards the skin 
surface. In this respect, axillary hair appears to be different 
from other hairs of the human skin and from pelage hairs of 
most mammals. Its behavior resembles that of sinus hairs 
(vibrissae) of rodents and perhaps of other species. Our obser-
vations, coupled with the clinical fmdings of Fukuda et al [18] 
that hair may grow from split thickness scalp skin transplanted 
in reconstructive surgery for microtia, should encourage addi-
tional studies on specialized types of human hair. Observations 
on the growth of fetal eyebrows, to be published elsewhere, 
have suggested to us a replacement mechnism similar to that 
found by Lyne in marsupials. 
The stereo histologic details of our axillary hair studies also 
suggest that hair cortex, cuticle and inner root sheath are 
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formed and begin to keratinize in the center of the elongating 
epithelial column, which descends from the cut lower border of 
the preexisting follicular isthmus, before this epithelial outer 
root sheath material has united with the underlying mass of 
mesodermal cells to form a hair bulb with organized matrix and 
papilla. This means that the tip of the new hair and the 
surrounding upper end of the inner root sheath remain statio~­
ary, while mitotic activity of trichilemmal cells forces the harr 
peg downward until it has reached the level of the future bulb. 
Only then does the hair grow upward through the upper follicle. 
In this respect, the replacement follicle recapitulates early fet~ 
events as described by Pinkus [19] who points out that III 
embryonic skin, the first cells of the inner sheath form when 
the follicle is very short. It is more appropriate to say that the 
matrix moves away from the tip of the root sheath and burroWS 
deeper, rather than that the tip pushes upward from the bulb. 
In distinction from fetal hair, which according to classical 
description originates below the follicular bulge, the regener-
ating axillary hair begins to form at the level of the sebaceouS 
gland, far above the bulge area which has been removed by 
surgery. As shown in Table I, the number of newgrown hall's is 
related to the number of sebaceous glands. If a follicle possesses 
more than one sebaceous gland, it usually regenerates more 
than one new hair root. This fact confIrms our contention that 
there is new formation of hairs at the sebaceous duct level. 
Examination of normal control skin shows that each follicle has 
only one hair root, while our data show that 30 pilosebaceous 
complexes, with a total number of 53 sebaceous glands, devel-
oped 48 new hair roots. Thirteen of 17 complexes that had more 
than one sebaceous gland grew more than one new hair. This 
FIG 16. Higher magnification of hair bulb of Fig 15. Melanin gran-
ules which are produced from melanocyte is increased and leads to 
terminal hair with conspicuous pigmentation in hair cortex. 
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occurrence can not be explained by short telogen hair roots 
having been left behind during surgery. 
Montagna and Parakkal [20] separated it into 2 parts, i.e., 
pennanent portion and transient portion. But it should be 
separated into upper, middle and lower portion as reported by 
Pinkus [22]. 
Baldness has some relationship to the size of sebaceous gland 
and it is well known that the bigger the sebaceous gland 
becomes the stronger the baldness. We have found that seba-
ceous gland becomes gradually smaller when hair reaches com-
pletion in hair cycle. With regards to this matter we are contin-
uing further research. 
It is also remarkable that the newly formed hair matrix of 
regenerating axillary hair acquires a normal complement of 
me1anocytes. It is thought [20] that in the normal hair cycle, 
some preexisting melanocytes remain dormant in the dormant 
papilla and become reactivated and multiply during the next 
anagen. With our subdermal shaving procedure, all matrix 
associated melanocytes are removed. Melancoytes of the neo-
genetic matrix must come from other sources, perhaps from the 
arnelanotic melanocytes that have been shown to exist in the 
basal layer of the outer root sheath [21] and to contribute to 
epidermal repigmentation after wound healing. 
We are grateful to Prof. H. Pinkus for his guidance and advice in the 
preparation of this paper. 
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Clarence S . Livingood, M.D., Executive Director, American Board of Dermatology, Henry Ford Hospital, 
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